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Specification 

1. Title of the Invention 

Laser processing method 

2. Claims 

1. A laser processing method in which a laser 
beam is focused with a lens and samples are 
processed by irradiating samples such as living 
cells, wherein the method comprises: 

a back-and-forth motion of focusing the 
laser which is focused via said lens with a 
means of moving said lens in the direction of 
the optic axis; and 



the processing of samples into a linear shape 
with a specified thickness via a means of 
moving a stage on which said samples are held, 
or a means of slanting the optic axis of the 
laser that passes through an objective lens. 

3. Detailed Description of the Invention 

Industrial Field of the Invention 
The present invention relates to the processing 
of live samples with a means of irradiating a 
laser beam at the live samples of living cells 
such as ova or microorganisms. 
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Prior Art 

Details of a laser perforation device for living 
cells as prior art are described in Japanese 
Examined Patent Application Publication 
S62-7837, and the area around the objective 
lens of the mechanism is shown in Figure 2. 
The laser is most concentrated on the focal 
plane of A, forming a curve above or below 
the plane. A sample 3 of living cells or the like 
is perforated by situating the processing site on 
the focal plane, and in particular, very thin 
samples are cut by moving the stage on which 
the sample is held while irradiating with a 
laser. 

Problems to be Solved by the Invention 
The aforementioned prior art has a perforation 
function in which DNA or the like is 
transfused into a living cell as a main 
constituent, so sufficient consideration is not 
given to a cutting function. Consequently, a 
sample can be cut when it is thin enough in 
comparison to the focal depth of the beam as 
shown in Figure 2, which is capable of 
processing, but a sample having a spherical 
form with a diameter of approximately 100 urn 
such as a fertilized ovum cannot be cut. 

For these reasons, it is necessary to manually 
move a sample in an up-and-down direction (Z 
direction) so as to move the sample in the Z 
direction, and at the same time, it is necessary 
to move the sample in the direction of cutting 
(X direction) as shown in Figure 3 when such 
thick samples are to be cut. 

The objective lens of this system has the two 
functions of focusing the laser and acting as a 
microscope such as for obtaining magnified 
images of samples, and the function of a 
microscope is disrupted if the stage is moved 



in the Z direction as described in above. This 
means that the cutting operation will be 
performed without an awareness of the 
condition of the samples. Therefore, many 
samples die, because they often incur 
unnecessary damage when the laser is targeted 
at a living sample such as a fertilized ovum, 
thus leading to failure. In addition, the 
operation of manually moving the stage often 
requires considerable effort. 

The purpose of the present invention is to 
provide a laser processing method that 
facilitates an easy cutting operation and 
particularly a cutting operation with an 
awareness of the cutting condition using a 
magnified image viewed via a microscope. 
Means for Solving the Problems 
The aforementioned purpose can be achieved 
by: 

a back-and-forth motion of a focused laser 
that is focused by said lens with a means of 
moving said lens constituting a beam expander 
in the direction of the optic axis; and 

with a means of moving a stage holding the 
samples or a means of slanting the optic axis 
of the laser beam that passes through the 
objective lens at the same time. 
Action 

When the lens constituting a beam expander is 
moved in the direction of the optic axis, the 
focal plane of the laser focused by the 
objective lens moves in the direction of the 
optic axis in a back-and-forth motion. With 
this condition, when the stage holding the 
sample is moved within the plane of the stage, 
the sample is processed in a linear shape with 
an approximate thickness by the moving 
distance of the optical axis of said focal plane. 
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In addition, instead of moving the stage in a 
plane, when the optical axis of the laser 
passing through the objective lens is deflected, 
the same processing of the aforementioned 
linear shape can be done by moving the focal 
plane within the plane of the stage. In both 
cases, the distance between the samples and 
the objective lens remains constant, so the 
conditions of processing the samples can be 
observed while effort for processing can be 
significantly reduced compared to the prior art. 
Embodiment 

Hereinafter, an embodiment of the present 
invention is described using Figure 1 and 
Figures 4 to 7. Figure 1 shows the overall 
configuration, and a laser 10 is guided by a 
light path deflection device 9 as part of a 
microscope 8 after the beam is adjusted by an 
optical interface 11 and passes through an 
objective lens 1. The laser that passes through 
the objective lens is narrowed at a low level 
and is irradiated at a sample 3 fixed on a stage 
6 so that it processes the sample. A TV 
camera 16 for observing the image of the 
sample and an outline detector 17 that detects 
by comparing the circle portion of a sample 
and the irradiation point of the beam are 
provided. A stage controller 7 is provided for 
controlling the stage in a plane (XY 
directions) and in an up-and-down direction 
(Z direction) of the stage. 
An optical interface 1 1 incorporates a beam 
expander 12 that controls the focal position of 
the laser narrowed by the objective lens, a 
lens-moving device 14 that moves the lens 13 
constituting the beam expander along the 
optical axis, and a lens-moving controller 15 
that controls the movement of said lens. 



Secondly, a detailed description of said 
beam expander 12 is described with reference 
to Figure 4. 

The two lenses on the left are lenses 
constituting a beam expander and the lens on 
the right is the objective lens in Figure 4. The 
focus of the beam narrowed by the objective 
lens is moved in the direction of the optic axis 
as shown in the figure by moving the lens of 
the beam expander in the direction of the optic 
axis, and the movement distance of the lens 1 
and movement distance of the focus Al are as 
shown in Figure 5 for example. 

Therefore, when said operation is utilized, 
the distance between the samples and the 
objective lens is constant; that is, samples can 
be cut while being observed with a magnified 
image thereof. 

Hereinafter, the action of the present 
invention is described with reference to Figure 
1 and Figures 5 to 7. 

When beginning to cut the samples, the lens 
of the beam expander begins to move 
back-and-forth along the distance (e.g., lj in 
Figure 5) of the optical axis only as prescribed 
by the lens-moving controller 15 and the 
lens-moving device 14, and the focus 
narrowed by the objective lens is moved in the 
direction of the optic axis at the same pitch of 
movement of said lens by Al ; in Figure 5. 

With this condition, when a stage 6 is moved 
in the X direction, the sample is cut as shown 
in Figure 6. If the thickness of a sample is 
thinner than Al in Figure 5, cutting will be 
done when it comes to the sample end (pint A 
in Figure 6). 

In contrast, if the thickness of a sample is 
thicker than Al, an outline detector 17 detects 
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it when it comes to the end of the sample, its 
signal is input to the stage controller 7, and the 
stage is elevated by the distance prescribed as 
shown in Figure 7. Afterward, the stage is 
moved in the inverse direction of the X 
direction and cutting is continued. The sample 
is cut by such repeated actions. In this case, 
the focal position of an image magnified by a 
microscope is moved over when the stage is 
elevated, but a new cross-section can be 
observed at that position, and the same surface 
can be observed until the stage is elevated the 
next time. 

The ease of cutting the samples depends on 
the properties of the samples, and it can be 
handled by controlling the speed of movement 
of the lens and speed of movement of the stage 
if a sample is difficult to cut. 

Meanwhile, a cross-section of a sample 
when a pulsed laser is utilized as the laser 10 
is shown in Figure 7, and the radiating point is 
shown as circular points. This shows that the 
distance in direction Z of the radiating point is 
dependent on the speed of movement of the 
lens of the beam expander 12 and the pulse 
repetition frequency of the laser. 

In addition, the distance in the X direction of 
the radiating point depends on the speed of 
movement in the X direction of the stage. 

Thus, a sample can be cut in a perfect 
condition by controlling the lens-moving 
controller 15, the stage controller 7, and the 
pulse repetition frequency of the laser 10 
according to values of properties of a sample 
as shown by 18 in Figure 1. 

The method of moving the stage when 
cutting samples is described above, and when 
the thickness of a sample is thinner than Al in 



Figure 5, the sample can be handled by 
locking the stage and changing the focal 
position (on the XY plane) of the objective 
lens by using the light path deflection device 9. 
In addition, concomitant use of the light path 
deflection device and the stage can be 
considered when a sample is thicker than Al . 
Effect of the Invention 

According to the present invention, the 
condition of processing can be observed with a 
microscope, as the distance between the 
surface of the sample being processed and the 
objective lens can be kept constant, even for a 
thick sample, so the effort in processing can be 
significantly reduced. 

4. Brief Description of the Drawings 

Figure 1 is an overall configuration of one 
embodiment of the present invention, Figure 2 
and Figure 3 are elevation views of the 
objective lens proximity of the prior art, 
Figure 4 and Figure 5 are explanatory 
drawings of the operation of the beam 
expander, Figure 6 is an overhead view of one 
embodiment of the present invention, Figure 7 
is a cross-sectional drawing of a sample when 
cutting and is the cross-section drawing in 
Figure 6, 1-I. 
1: objective lens; 6: stage; 7: stage 
-618- ro " er ; 9 ; light path deflection device; 12: 
beam expander; 14: lens-moving device; 15: 
lens-moving controller; 16: TV camera; 17: 
outline detector. 

Representative: Patent agent, Masao Ogawa 
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Fig. 1 
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